usually a risk factor and HIE is not an exception. 10, 11, 13 Because of the longer duration of first labors, nulliparas are at greater risk of infection, fetal distress, invasive interventions, operative deliveries, and associated maternal and fetal birth trauma. Previous studies have reported that induction, long admission, or long membrane rupture to delivery interval are risk factors for HIE. 7, 10, 11, 13 Problematic parous labor typically originates in obstruction caused by fetal malposition or relative macrosomia and is associated with shoulder dystocia and uterine rupture. [14] [15] [16] Most parous women with uterine rupture have a history of cesarean delivery. 17 Given the fundamental differences between the first and subsequent labors, parity may be important to consider when risk factors for HIE are studied. Possibly, modifiable preventive factors differ between these groups.
The incidence of moderate to severe HIE is low in high-income settings (0.67-1.7/1000 in term live births). 1, [9] [10] [11] Previous studies that investigated risk factors for HIE used a broad definition of encephalopathy with no objective evidence of intrapartum asphyxia, 1 included all grades of HIE, 7, 11 and/or also included infants with seizures only. 12, 13 To our knowledge there is only one previous study that had a robust definition of the outcome moderate to severe HIE. 10 There are no previous studies that have been large enough to allow analysis on the distribution of different obstetric emergencies in HIE cases by parity.
In a large population-based study, we had the opportunity to investigate the association between obstetric emergencies and risk of moderate to severe HIE specifically, and how these associations depend on parity, taking the history of previous cesarean delivery into account.
| MATERIAL AND ME THODS
A population-based cohort study of 692 428 live-born infants at ≥ 36 gestational weeks in Sweden, between 1 January 2009 through 31 December 2015. By using the unique national identification number, allocated to every individual at birth, we linked data from the Swedish Medical Birth Register (MBR) and the Swedish Neonatal Quality Register (SNQ). 18 The MBR contains information on >98% of all births in Sweden since 1973. The quality of data is considered to be high. 19 Information about the mother as well as the pregnancy, delivery, and the neonatal period is prospectively recorded on standardized forms, and forwarded to the registry. 20 Diagnoses are coded by the responsible physician upon discharge from the hospital according to the Swedish version of the International Classification of Diseases, 10th edition (ICD-10), and forwarded to the MBR. The SNQ register holds prospectively collected perinatal data, including therapeutic hypothermia, on all newborn infants admitted to one of the 37 neonatal units in Sweden. 21 As the southern healthcare region did not start to register data in the SNQ until 1 January 2011, all births in this region (n = 34 302)
were excluded for the years 2009-2010. Infants with congenital malformations or chromosome abnormalities, and those delivered before 36 weeks of gestation were also excluded.
| Exposures
All exposure variables were obtained from the MBR. Main exposures were obstetric emergencies and included women with placental abruption, eclampsia, umbilical cord prolapse, uterine rupture, and/or shoulder dystocia identified by diagnostic ICD-10 codes (see Supplementary material, Table S1 ).
Data on self-reported parity, previous cesarean section, cohabitation with infant's father, and smoking habits were collected at the first prenatal visit (generally at 8-12 weeks of gestation 
| Outcome
The outcome variable was retrieved from the SNQ register. The outcome was moderate to severe neonatal HIE, using therapeutic hypothermia as a surrogate. Therapeutic hypothermia is indicated in infants fulfilling standardized robust clinical diagnostic criteria for moderate to severe HIE within 6 hours of birth. 23 Infants with a ges- The analyses regarding the risk of HIE by cord prolapse and uterine rupture were restricted to labors with a vaginal onset, whereas the risk of HIE by shoulder dystocia was restricted to vaginal deliveries.
Risks were estimated in nullipara and in parous women with or without a previous cesarean separately.
We did not adjust for mode of delivery in the models, reasoning that operative deliveries could represent actions due to suspicion of fetal distress, leading to confounding by indication. No imputation for missing data was performed. The IBM SPSS for Windows version 24.0 (SPSS, Inc., Chicago, IL) was used for statistical analyses.
| Ethical approval
The study was approved by the Regional Research Ethics Board in Uppsala, Sweden (6 May 2015, reference number 2015/156).
| RE SULTS
Out of 692 428 live-born term infants, 464 were diagnosed with moderate to severe HIE and received hypothermia treatment (0.67 per 1000 live births). In the population, 0.7% of births were diagnosed with an obstetric emergency. Any obstetric emergency occurred in 133 (29%) of all 464 HIE cases and was more common in parous women 80/215 (37%) compared with in the nullipara 53/249 (21%), P < 0.001 (Tables 2 and 3, see Supplementary material, Table   S2 ). Figure 1 displays the distribution of obstetric emergencies among HIE cases in the nullipara and in the parous women with and without a previous cesarean delivery. Labor characteristics in cases of moderate to severe HIE are displayed in the Supplementary material (Table S3) . Meconiumstained fluid, maternal fever, failed operative vaginal delivery, and instrumental and cesarean delivery were significantly more frequent among HIE cases, P < 0.05.
| D ISCUSS I ON
Obstetric emergencies occurred in 29% of cases with moderate to severe HIE and were more prevalent in parous women (37%) compared with nulliparous women (21%). Among nulliparas, shoulder dystocia was the most common emergency, with the strongest association with HIE. In parous women without a previous cesarean, shoulder dystocia was also the most common event, although placental abruption had the strongest association with HIE. In parous women with a previous cesarean, uterine rupture was the most frequent obstetric emergency, with the highest risk for HIE.
Strengths of the present study include the population-based design with prospectively collected data on exposures and outcomes from healthcare registers, minimizing the risk of selection and information bias. The MBR holds high-quality data on >98% of all births in Sweden and the register has been extensively validated. 19, 20 To date, there are no published systematic validations of the SNQ registry, yet it covers all neonatal units in Sweden, and data are prospectively collected in standardized forms and monitored. 21 We consider our choice of outcome measure to be a major strength with this report. Even though the outcome used in this study is rare, our unique national cohort was large enough to enable stratification and adjustments for potentially confounding variables. with 464 in our study. 10 The study designs differ as well as the prevalence of HIE, which was 0.67/1000 live births in our populationbased study compared with 1.1/1000 in the hospital-based study by Nelson. In studies also including mild HIE, a higher proportion of obstetric emergencies among HIE cases (22%) were reported. Previous studies used different definitions of obstetric emergencies, and some did not include shoulder dystocia as an emergency, 8, 13 or merged different emergencies to a composite, 7, 12, 13 owing to small numbers of HIE cases and/or emergencies.
The prevalence of shoulder dystocia in our population (0.2%) is in accordance with results in previous reports. 15, 16 Factors predisposing for shoulder dystocia include macrosomia, diabetes mellitus, post-term pregnancy, labor arrest, and assisted operative delivery. 15, 16 The strong association between birthweight and shoulder dystocia is confirmed in our study, where the risk of HIE was considerably reduced after adjustment for birthweight. In the study by
Nelson et al 10 only one case had shoulder dystocia and there was no association with HIE. In contrast, shoulder dystocia was common among HIE cases in our study (12%) and was strongly associated with HIE regardless of parity. Other population-based studies that had a more heterogeneous definition of the outcome, report shoulder dystocia frequencies of 5%-7% among HIE cases, and found an association. 11, 12 These inconsistencies probably reflect differences in study populations and definitions of HIE.
Studies have consistently reported uterine rupture to be the strongest risk factor for HIE and the most of these women have a history of cesarean delivery. 8, 10, 11, 17, 24 In accordance, among women with a previous cesarean, uterine rupture was the most common obstetric emergency within cases of HIE (38%) and was the strongest predictor of HIE by all emergencies, with 45 times increased risk in our study. The reported incidence of uterine rupture in attempted vaginal delivery after cesarean section is 0.4%-1.5%, 17,25-27 with a high incidence (1.3%) reported in a Swedish cohort. 25 There is a strong tradition in Sweden of allowing a trial of labor after one cesarean section, comprising about 60%, of which approximately 16% are induced and 75% have vaginal deliveries. 17, 25 Although the incidence of uterine rupture is considered low, obstetric communities with a high incidence should reflect on the strong association with HIE in the current study and on a Restricted to deliveries with vaginal onset (n = 311 392 without a previous cesarean, n = 42 740 with a previous cesarean).
h Restricted to vaginal deliveries (n = 303 463 without a previous cesarean, n = 31 154 with a previous cesarean).
probable deviation from or lack of guidelines. It is likely that a significant number of HIE cases could be prevented by repeat cesarean performed before labor in selected cases or in a timely fashion during a trial of labor. 28 The prevalence of placental abruption is low in the Nordic countries, which is supported by our finding of a prevalence of 0.2%. 29 However, placental abruption has been reported with the strongest association with HIE and perinatal death. 8, 10, 11, 29, 30 In line with previous studies, abruption was associated with increased risk of HIE in our population. Multiparity (three or more deliveries) is a known risk factor for abruption and, 29 in accordance when our data were stratified by parity, we found that placental abruption was the strongest risk factor for HIE in parous women without a previous cesarean.
Nelson et al 10 also report placental abruption to be associated with HIE but with a much lower risk estimate and a stratified analysis was not performed in that study. Most cases of placental abruption cannot be predicted or prevented. Maternal and infant outcomes can be optimized mainly through expeditious delivery when clinical signs are indicative of abruption.
The consequences for the neonate that develops HIE after an obstetric emergency may be more severe than after a persisting abnormal fetal heart rate pattern. 5, 8 It is, therefore, most relevant and important to study these events. Identifying risk factors for HIE is relevant to increasing the understanding of causal pathways and to development of preventive strategies. However, risk factors for obstetric emergencies are common, while the condition they predict is not, and therefore, sensitivity and specificity for HIE will be low or lacking. Still, in the individual case with cumulative risk factors such as clinical fetal macrosomia, protracted labor in the late first stage and slow descent in the second stage, where assisted mid-pelvic delivery is considered, the situation may indicate a difficult delivery with potentially dangerous complications (shoulder dystocia, uterine rupture), and a cesarean delivery would be more prudent, both for the nulliparous and parous women.
| CON CLUS ION
Obstetric emergencies are frequent in cases of moderate to severe HIE, more common in parous than in nulliparous women. The strong association with shoulder dystocia in nullipara, and with uterine rupture in women with a previous cesarean, implies an opportunity for reducing the incidence of HIE.
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